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Special Feature 

Tumour necrosis factor-a: The role of this multifunctional cytokine 
in asthma 
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Summary T\imour necrosis factor-a (TNF-a) is recognized as an important mediator in many cytokine- 
dependent inflammatory events . It is known that TNF-a is released in allergic responses from both mast cells and 
macrophages via IgE-dependent mechanisms, and elevated levels have been demonstrated in &e bronchoalveolar 
fluid rSALF) of asthmatic subjects undergoing allergen challenge . Inhaled TNF-a increases airwi^ responsiveness 
to methacholine in normal and asthmatic subjects associated wi& a sputum neutrophilik. Additional data indicate 
that TNF-a can iq>regulate adhesion molecules, .facilitate the immigration of inflammatory cells into the airway 
wall and activate pro-fibrotic mechanisms in the subepifhelium. These data suggest that TNF-o: plays a role in the 
initiation of allergic asthmatic airway inflammation and the generation of airway hyper-reactivity. In addition, 
polymorphisms of the TNF-a gene 5' untranslated region, particularly at -308 bp, have been described as being 
associated with asthma. This pol>^orphism is associated with increased levels of TNfF-a, but as yet, no asthma 
studies have demonstrated a phenotypic difference between those individuals, with the polymorphism and those 
with the wild type gene. The TNF receptors (TNF-R p55 and p75), also known as CD 120a and b, have also been 
shown to be present in the lung, but their functional importance is only just emerging. In asthma, TNF may func- 
tion as a pro-inflammatory cytokine that causes the recruitment of neutrophils and eosinophils. Treatment directed 
specifically at a re duction in TNF-a activity may conceivably be useful as a glucocorticosteroid-sparing asthma 
therapy. 
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Introductioii 

In the last decade it has become evident that cytokines play a 
pivotal role in the pathogenesis of asthma. The role of 
antigen-induced tumour necrosis foctor-a (TNF-a) release 
and antigen stimulation of other cytokines is an important 
area of study. In addition to TNF^a, cytokines including 
interleukin (IL)-lp, IL-2, IL-3. IL-4, IL-5, IL-8, granulocyte- 
macrophage^colony stimulating factor (GM-CSF), and 
interferon-y (IFN-y) have also been implicated in the 
development of the asthmatic inflanunatory response. This 
review will only attempt to cover the area relating to TNF-a, 
but multiple cytokine networks make interpretation of in ^ntro 
experimental data quite difficult If selective inhibition of a 
given cytokine or mediator is possible, and this inhibition 
results in a favoisable response in clinical asthma, then the 
importance of that cytokine is firmly established. 

Himour necrosis factor-a is a cytokine usually associated 
with cell-mediated immunological responses that have been 
classified on the basis of studies in mice. It is becoming 
apparent that inbred murine models of inmiunology may be 
limited by species differences, and do not reflect the true 
situation as seen in those diseases experienced by man. 
Asthma is perceived as a T-helper type 2 (Th2) disease with 



Correspondence: Dr PS Thomas. Department of Respiratory 
Medicine, Prince of Wales Hospital, Randwick, NSW 2031. 
Australia. Email: paul.diomas@uiisw.edu.au 

Received 15 September 2000; accepted 15 September 2000. 



a particular profile of cytokine release, which is thought to 
include IL-4 and IL-5. Increasing evidence indicates that 
other cytokines, which in mice are classically considered to 
belong to Thl-type profiles, are also associated with the 
inflammatory response that characterizes human asthma. One 
such mediator is TNF-a, which has been implicated in asth- 
matic inflanmiation by a broad series of subcellular, in vitro^ 
ex-vivo, in vivo and genetic studies (Fig. 1). 

Cellular origin of TNF-a in asthmatic responses 

TUmour necrosis factor-a production was first described in 
macrophages and monocytes.* Since then, other cells of the 
haemopoietic' lineage have been shown to have an ability to 
generate this cytokine de novo. The sensitized mast cell is 
known to store a number of cytokines, including TNF-a, 
within its granules and to release them upon antigenic pre- 
sentation, making it a pivotal cell in the allergic asthmatic 
response to allergen.^ In addition, other cells in the airw^ 
have tiie ability to generate TNF-a; eosinophils,^-^ epithelial 
cells* and airway macrophages.' 

The acute. asthmatic response to allergen is mediated by 
sensitized mast cells whose high-affinity IgE receptors (FceRI 
receptors) are occupied by IgE directed against specific aller- 
gens, but the late or delayed response occurring hours later is 
mediated by a number of different cells. Allergen cross-links 
IgE molecules attached to mast cell surface FceRI receptors, 
causing degranulation. Mast cells have been shown to 
generate a range of mediators including'cytokines, and recent 
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woiic has documented that the mast cell granule itself con- 
tains, piefonned TNF-a.^ This indicates that this cytokine 
will be coreleased with the more extensively characterized 
preformed mast cell granule mediators, such as histamine^ 
chymase and trjrptase. Mast cell mediators are classically 
associated with immediate bronchospasm, and now TNF-a 
has also been shown to induce airway hyper-reactivity.''*^ 
In vitro, this smooth muscle hyper-responsiveness appears 
to be immediate, but in vivo the effects are detected latex: The 
mechanisms behind this characteristic hyper-xesponsivenes$, 
which is associated with asthma, ait being clarifled in part by 
an imderstanding of the pro-inflammatory cell influx. 

Ilunour necrosis factoPKX, adhesion molecules and 
airway inflammatory cell recruitment 

TYmiour necrosis factor-a is a chemotactic cytokine for 
granulocytes including eosinophils and neutrophils," prob- 
ably by up-regulating cellular adhesion molecules. Tlunour 
necrosis factor-a is known to up-regulate adhesion mole- 
cules, such as E-selectin, vascular cell adhesion molecule- 1 
(VCAM-1) and intercellular adhesion molecule- 1 (ICAM-1 
or CD54);^^i^ and the latter molecule has been implicated in 
a simian model of asthma.'^ Hunour necrosis factor-a 
induction of adhesion molecules, such as VCAM-1, on 
pulmonary endothelium is important for eosinophil recruit- 
ment**'** and in addition, biopsies of asthmadc bronchial wall 
have shown VCAM-1 to be up-regulated.*' 

Bpth TNF-a and IL-ip increase the expression of ICAM-I 
and VCAM-1 on respiratory epithelial cells in vitro, and 
eosinophils show increased adherence to these cells after 
stimulation, although blocking es^eriments suggest that 
CD 1 1/CD 1 8 (ffl) integrins m^ play an important role in this 
adhesion.*^*' These effects are amplified in the presence 
of IL-5, perhaps via a CD18-dependent mechanism.^" The 
TNF-a-induced increase in ICAM-1 also aids in vitro 



binding of activated T lymphocytes to airw^ smooth muscle 
cells, which is inhibited by cyclic AMP-dependent protein 
kinases.^* Thus, TNF-a is associated with the up-regulation 
of adhesion molecules, and is able to facilitate inflammatory 
cell migration. 

Effects of TNF-a at the ceUuIar level 

Tbmour necrosis factor-a has been demonstrated to caiise an 
increase in airway hyper-reactjvitv.^" This increased airwsr^ 
smooth muscle responsiveness m^ be via the rfecruitmexit of 
inflammatory ceUs,^ by direct effects upon airway smooth 
muscle," or by generating a cascade of inflammatory 
responses with the release of mediators, including increased 
sensitization with elevated histamine release.^ 

IVmiour necrosis factor-a causes changes in the ionized 
calcium flux within smooth muscle, and also increases mito- 
genic activity via the TNF p55 receptor.""" Of particular 
interest is that it can also cause an increase in smooth muscle 
eotaxin generation and secretion (along with IL-ip) from 
hiunan airway smooth muscle, with eotaxin being clearly 
demonstrated within asthmatic airwary muscle.^ In addition, 
increased TNF-a in the bronchoalveolar fluid of ovalbumin- 
sensitized guinea pigs appeared to stimulate airway smooth 
muscle cells to secrete endothelin-1 (ET-1) and thus induce 
GM-CSF mRNA expression in fibroblasts," suggesting an 
indirect, novel mechanism for induction of airway wall fibro- 
sis. This increases the complexity of the known mechanisms 
of airway inflammation, as it indicates that once activated,- the 
smooth muscle itself can induce further cytokine-mediated - 
inflammation, including events associated with subepithelial 
fibrosis. 

The myofibroblast is a cell that has become of interest in 
asthma research in recent years. Increased numbers of these 
cells have been identified in the subepithelium of asthmatic 
subjects.'" THimour necrosis factor-a is implicated in 
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myofibroblast proliferation in response to cytokines,^' as well 
as its classical activity upon fibroblasts by increasing nxito- 
genicity and receptivity to ofhcr mitogens.'^' Myofibroblasts 
lie below the bronchiaJ basement membrane, ideally situated 
to influence airway wall fibrosis and inflanmiatory cells, and 
TNF-a m^ therefore contribute to airway wail fibrosis by 
stimulating these cells. In response to myofibroblast- 
conditioned media, eosinophils ex-vivo show increased 
sxirvival and less apoptosis, probably via GM-CSF acting as 
a mediator.^ 'I\miour necrosis factor-a may have additional 
indirect remodelling activity because it is able to induce 
eosinophils to release the matrix metalloproteinase, MMPrP,^^ 
and to stimulate glycosoaminoglycan synthesis in human 
lung fibroblasts.^ Thus, there are direct lines of evidence 
suggesting that soluble TNF-a activates xxQrofibroblasts 
and fibroblasts, leading to the generation of subepithelial 
airway fibrosis in astiima. Additional direct effects of TNF-a 
upon the airway mucosa have been noted, such as the stimu- 
lation of mucus secretion,^^ one of the markers of airway 
inflammation. 

Regulation of cytokines appears to occur in levels of 
increasing complexity, indicating the necessity of inter- 
preting in vitro data in the light of clinical information from 
asthmatic subjects. Alveolar macrophages from atopic asth- 
matic subjects enhanced IL-5 production fixym cells 
and this was reduced by anti-TNF-a antibodies (as also 
occurred with neutralizing antibodies to IL-la, IL-1^ and 
These data confirm earlier work in the mouse that 
reports that mice treated with anti-TNF antibodies have 
reduced levels of IL-S expression.^' Also, cross-regulation of 
TNF-a by IL-4 and IL-5 has been demonstrated in vitro and 
in vivo with down-regulation of TNF-a by IL-4.^ In addition 
to up-regulation of adhesion molecules, and the induction of 
IL-5, TNF-a is able to syneigise with other cytokines to 
promote activation of eosinophils.^' The IL-4 repression of 
TNF-a production might be a method of negative feedback 
control. Nonetheless, eosinophils themselves are a source of 
TNF-a and this is increased in allergic inflammation. 

These data indicate the potential variety of roles that 
TNF-a can play in asthma by increasing smooth muscle 
responsiveness, activating myofibroblasts and fibroblasts, 
and by regulating the activity of eosinophils via IL-4 and IL-5. 

Ibmoiir necrosis factor-a in experimental and clinical 
asthma 

The data that are emerging in experimental and clinical, 
asthma studies are suggesting that TNF-a plays a role in 
himian asthma. Mast cell granules have been shown to 
contain TNF-a by electron immunocytochemistry and by 
immunoblot, which is localized to the mast cell granule.^ This 
mediator is released by passive sensitization and challenge 
with allergen, both in vitrei^ and in vfvo.*^*^ Thus, mast cell- 
associated TNF-a was predicted to be released in allergic 
asthmatic subjects upon aUergen challenge. These predictions 
have been borne out by the following observations in animal 
models of asthma and in the human clinical disease. 

While the presence of the eosinophil is recognized 
as the hallmark of asthmatic inflanmiation, evidence for 
TNF-a-mediated neutrophil involvement in the pathogenesis 
of asthma is increasing and is supported by the fact that 



neutrophils fit>m asthmatic subjects show increased migra* 
tory responses,^'*' increased superoxide generation, and 
that their secretory products increase bronchial ring contrac- 
tility.^^^ Airway neutrophilia is associated with some 
subtypes of asthma,^^* and of course, with bacterial inflam- 
mation causing exacerbations of asthma. Neutrophils release 
preformed mediators, such as elastase, and also an array of 
newly formed mediators, such as superoxide radicals, 
leukotrienes and prostaglandins, many of which cause an 
increase in bronchial reactivity. Timiour necrosis factor-a 
released by macrophages in response to bacteria will main- 
tain and amplify the neutrophil response becauise they appear 
to release TNF-a over a longer time period than the mast cell. 

Animal studies have clearly shown that bronchial hyper- 
responsiveness can be induced in rats exposed to endotoxin, 
which is known to increase the generation of TNF-a from 
bronchial and alveolar macrophages, and TNF-a levels were 
elevated in the broncho-alveolar lavage (BAL) from these 
rats. This increase in murine bronchial hyper-responsiveness 
was found to be mimicked by the administration of recombi- 
nant TNF-a^^ and to be significantly abrogated by the 
administration of anti-TNF-a antibodies. Neutrophilia was - 
seen in the BAL from rats after TNF-a administration,- 
implicating this cell in the generation of endotoxin hyper- 
responsiveness,' and mimicking the increased responsiveness 
seen after respiratory tract infections. Administration of 
endotoxin to asthmatic subjects increases bronchial reactiv- 
ity, with TNF-a as the probable mediator.^ The increase in 
TNF-a levels seen with increased bronchial reactivity after 
inhalation of bacterial lipopolysaccharide (LPS), would 
mimic the asthmatic response in bacterial infections.^ 
Asthmatic subjects whose peripheral blood monocytes were 
stimulated by LPS, showed an increase in production of 
TNF-a, IL-8 and GM-CSF compared to normal subjects;" 
and similar results were found when asthmatic BAL leuco- 
cytes were stimulated with PMA and PHA.^^ 

Human studies on asdnnatic subjects reveal an increase in 
the generation of TNF-a in macrophages and peripheral 
blood monocytes after antigen challenge''*^'', and increased 
TNF mRNA in asthmatic airway lavage.^* In a study of eight 
normal subjects who inhaled nebulized TNF-a, there was a 
significant rise in sputum neutrophils and a significant 
increase in methacholine responsiveness, which is a measure 
of airway reactivity. A single dose of 60 ng recombinant 
human TNF-a caused a leftward shift in the methadioline 
concentration response curves and a fall in the methacholine 
log provocative concentration (PC), which caused a 15% fall 
in forced expiratory volume in 1 s (PCjj, FEVj) at all time 
points compared with control, reaching a maximum at 24 h 
and persisting up to 48 h. There was no change in spirometry. 
There was also a significant neutrophil influx seen in the 
induced sputum, again reaching a maximum at 24 h. These 
findings have recently been replicated in mild asthmatic 
subjects (Thomas et al, uiq>ubl. data, 1999).. 

These clinical studies would {^ipear to be confirmed by 
clinical studies of allergic asthma. Resting alveolar macro- 
phages and peripheral blood monocytes in asthmatic subjects 
secrete increased levels of TNF-a,' and after allergen chal- 
lenge there is a further increase in TNF-a supernatant levels 
from these cells at the time of the late- asthmatic response.^' 
Passive sensitization of these cells and exposure to anti-Ig£ 
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to cross-Hiik the FceRII receptors on monocytes led to 
increased TNF-a (and IL-6) production, while additional 
IFN-Y had a synergistic effect on the stimulatioa by anti-IgE. 
Increased release of TNF-a and IL-1 P was seen from periph- 
eral blood monocytes ex-vivo in di-isocyanate-sensitive 
asthma, and other cases of occupational asthma,*'**® and was 
also demonstrated in vivo^^ although no changes were seen in 
bronchial biopsies for ICAM-1 and E-selectin. 

Increased sputum TNF-a andIL-5 levels were detected in 
allergic asdmiatic subjects 24 h after allergen challenge,^ 
and also in the serum of atopic subjects in association with 
EL-ip.^ Ibmour necrosis factor-a was also reported to be 
increased during asthma exacerbations,^ and in this situation 
to be associated with increased VCAM-1 and serum-soluble 
ICAM-1 and E-selectin." These findings have been con- 
firmed independently by noting increased TNF-a (and IL-6) 
in acute astfama,^*^ as well as other studies which have 
shown a correlation widi eosinophil cationic protein." 

More recent^, Nocker etaL^ found TNF-a increased 
above baseline in a segmental alleigen challenge model, but 
in both asthmatic subjects and controls, and in a sejparate 
smdy, TNF-a mRNA was found to be ubiquitously detected 
in induced sputum from both normal -and asthmatic sub- 
jects.'** Similarly, increased TNF-a secretion was detected 
from bronchial lavage T lymphocytes ex-vivo at baseline, 
along with IL-13, IFN-y and GM-CSF, IL-3, IL-4 and IL-5 at 
24 h.'^' Not all studies have confirmed these results, including 
a study of a large number of asthmatic subjects, ^ere TNF-a 
immunostaining and mKNA was less conomon in the 
. bronchial biopsies and lavage of untreated asthmatic subjects, 
compared to those treated with glucocorticosteroid therapy.'^ 
The reason for this difference is not clear, but perhaps IL-4 
or another mediator, such as nitric oxide, could be switching 
off TNF-a production. 

An increase in exhaled nitric oxide is strongly associated 
with asthmatic inflammation, and TNF-a stimulation is in 
turn associated with increased inducible nitric oxide synthase 
(iNOS) in bronchial epithelial cells, which is usually observed 
when stimulation occurs in the presence of other cytokines.^*^ 
Himour necrosis factor-a may therefore be linked to the 
induction of iNOS seen in asthma,^' which in turn increases 
exhaled levels of nitric oxide.'^ 

Thus, increasing evidence indicates that TNF-a is res- 
ponsible for the smooth muscle activation and late phase 
inflammatory responses seen in asthma, which are associated 
with inflammatory cell influx. This concurs with the current 
concept of the late reaction in asthma being mediated by an 
inflammatory response, as seen by the influx of inflammatory 
cells, which include eosinophils, neutrophils and lynqiho- 
cytes. Tteiour necrosis factor-a also appears to play a key 
role in other inflammatory diseases, such as rheumatoid 
arthritis, as judged by the favourable response of this disease 
to anti-TNF-a monoclonal antibodies in man." Mast cell- 
derived TNF-a release is associated with title responses in 
allergic asthma, but cells other than the mast cell are able to 
generate TNF-a, including the pulmonary macrophage, 
which may well play such a role within the lung, since it 
possesses the FceRU and III receptors, and is activated by 
specific antigen presentation. Unlike die mast cell, the 
pulmonary macrophage has no preformed TNF-o, but is a 
potent source of the newly generated TNF-a that is released 



for several hours after stimulation. This would also be an 
important source of TNF-a in bacterial infection. 

From the majority of these studies, in both animal models 
and in human asthma, TNF-a appears to be implicated in the 
allergic asthmatic response. 

I\imour necrosis factor receptors 

Ibmour necrosis factor-a acts via two related receptors, orig- 
inally distinguished by molecular size fractionation. They are 
designated p55 and p75, or CD120a (TNF-Rl) and CDL20b 
(TNF-R2), respectively. Other members of the TNF receptor 
superfamily have been characterized, and some have a *death 
domain' in the intracellular region of the transmembrane 
receptor that can couple and activate caspases.^*^ These 
include TNF-Rl/CD120a, Fas/apqptosis-inducing receptor 
(APO)-l, death receptor (DR)3, DR6, TNF-related q>optosi5- 
inducing ligand (TRAIL)-R1 and TRAIL-R2. In certain 
situations, autotropic TNF-Rl activation can pccur, while 
TNF-R2 can also contribute to the TNF-Rl cytotoxicity. As 
indicated above, TNF-a activation of cells can generate 
responses other than apoptosis and cell death. Other down- 
stream effects of TNF receptor activation include the i^h ' 
regulation of MMP-9, ^^ch can be via an autocrine TNF^R 
mechanism." Soluble forms of many of these cell surface 
receptors are found and may act to bind and neutralize circu- 
lating TNF-o. Expression of the TNF-Rl and R2 receptors 
has now been described on airway monocytes, macrophages, 
lymphocytes and granulocytes in bronchoalveolar lavage,** 
^^liile the 4-1 BB receptor, lymphotoxin beta-R and Fas have 
also been described within the liing.^ Circadian rhythnds of 
soluble TNF-R2 have been described with a peak at 8 am, 
which may have relevance for asthma.^ As yet, there are few 
data to indicate the importance of the TNF receptor family in 
allergic asthma. 

Genotype studies 

If the induction of increased levels of local TNF-a is associ- 
ated with asthma, then it is a logical step to consider genotypic 
analysis of families and communities with asthma, to see if 
asthma is more common in those who have the ability to 
generate higher levels of TNF-a, by virtue of polymorphic 
variants. One such candidate is the -308 polymorphism. The 
-308 TNF-a promoter polymorphism is a bi-allelic G (TNFl 
allele) to A '(TNF2 allele) polymorphism 308 nucleotides 
upstream of the transcription initiation site. The TNF2 geno- 
type is associated with elevated plasma TNF-a levels, and also 
with higher amounts of TNF on stimulation in vivo and ex- 
vivo.'^ There is also an association of the TNF2 genotype with 
the MHC haplotype HLA Al, B8, DR3,»« and with adverse 
outcomes secondary to cerebral malaria and other diseases, 
where there were exceptionally elevated TNF-a levels." 

A number of independent reports have indicated an asso- 
ciation of this polymorphism with asthma.***^ Albuquerque 
et al. demonstrated an association of the TNF-a —308 poly- 
morphism with a five-fold risk of diagnosed asthma, as was 
the LT alpha Nco I locus,'' while others have shown an asso- 
ciation between the —308 TNF-a promoter polymorphism and 
bronchial reactivity (but not the lymphotoxin alpha Nco I 
locus).'' Likewise, Changani et al^ uidicated that the -308 
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polymorphism was associated with asthma, but not specifi- 
cally with those with fatal/near fatal asthma. The diverse 
geographical nature of these reports suggests that there is 
relevance in these findings, but not all studies have found an 
association. Some of these latter reports are published in 
abstract form only, presumably because it is more difficult to 
publish a lack of an association of a polymorphism witii a 
disease.** 

Kroeger ei al,^ demonstrated in vitro that the -308 poly- 
morphism has cell and stimulus specificity when tested in 
transformed cell lines (only U937 and Jurkat cells, and not 
in cells from a B cell line, HeLa cells, HepG2 cells or a 
mono(^ cell line, THP-1). Using fooQsrint analysis these 
findings have been extended to suggest that &ere is a hyper- 
sensitive site at —308. These experiments did not show a 
difference in the affinity for DNA binding proteins, but 
indicated that TNF2 polymorphism was a much stronger tran- 
scriptional activator than TNFl in a B cell line.** Among 
others, Uglialoro et al.^ described three separate TNF-a 
polymorphisms, however, functional importance has yet to be 
established for these or other polymorphisms. 

If a cytokine such as TNF-a has been shown to generate 
airway inflammation and increased airw^ responsiveness, it 
would be surprising if there was no association between the 
propensity to generate increased levels of TNF-a and either 
asthma or increased bronchial reactivity. It remains to be seen 
whether this is a subset or part contributor to the overall 
genotype that predisposes to allergic asthma. 

Ttmonr necrosis factor-a release 

Ilmiour necrosis factor-a is synthesized as a 26kDa 
membrane-bound protein. The TNF-a ectodomain is cleaved 
at the cell surface to a soluble 17 kDa protein by a metallo- 
proteinase-like enzyme that has been designated TNF-a con- 
verting enzyme (TACE). The 17 kDa protein is considered 
the mature product, but there are data to suggest that the 
26 kDa membrane-associated protein could be implicated in 
direct celltcell interactions. The tumour necrosis factor-a 
converting enzyme is also known as ADAM 17 as it is part of 
a larger ADAM family (ADAM: proteins containing a dis- 
integrin and metalloproteinase domain), and is inhibited by 
tissue inhibitor of metalloproteinase-3 (TIMP-3).*' This 
enzyme is also responsible for the liberation of other 
membrane-bound proteins, including TNF receptors, trans- 
forming growth factor-a, and the adhesion molecule, 
L-selectin.'''*®° Various studies have indicated that is possible 
to inhibit TACE, and hence TNF-a release, by agents such as, 
hydroxamic acid derivatives.^*^°* These inhibitors may have 
less specificity upon TNF-a than was first thought, perhaps 
because TACE has other functions than just cleaving TNF-a. 
As yet, there are few reports relating to MMP in asthma, and 
none on TACE or TIMP3 in this condition. 

Therapeutic potential 

Glucocorticosteroid (GCS) treatment of asthma is the most 
effective anti-inflammatory agent and has a broad range of 
activity across many cytokine networks and other mediators. 
Inhibition of TNF-a production is no exception to this 
activity. The breadth of this inhibition and activity also leads 



to unwanted side-effects at higher doses, and when the treat- 
ment period is prolonged. There is therefore a need for 
increasing the range of GCS-sparing treatments that can be 
used to reduce the dose of these highly effective drugs. 
Novel methods of inhibiting TNF-a are currently \mder 
investigation in diseases other than asthma, for example, 
rheumatoid ardiritis and conditions where an excess of 
TNF-a contributes to morbidity and mortality (e.g. malaria 
and Gram-negative sepsis, and the Jarish Herxheimer reac- 
tion). A variety of candidates are being studied. These are 
postulated to have different mechanisms, including inhibitors 
of TNF-a mRNA transcription (e.g. pentoxifylline and phos- 
phodiesterase inhibitors).*"*'"'*'*** Entzian et aV^ studied 
three xanthines and showed both inhibition of IFN-a and 
TNF-a release with the novel compound A802715 demon- 
strating greater potency than pentoxifylline or theophylline. 
Other types of pharmacological TNF-a inhibitors include 
accelerators of TNF-a mRNA degradation (e.g. thalido- 
mide); inhibitors of TNF protein translation (e.g. 
tetravalent guanylhydrazones);*°* and the metalloproteinase 
inhibitors that prevent the cleavage of the 26 kDa membrane- 
bound protein to the active 17 kDa molecule.*" **** "** Other 
ai>proaches include TNF receptor fosion proteins"* and 
monoclonal antibodies. Monoclonal antibodies have also 
been raised against TNF-a and have reached trials in hunian 
subjects who have rhexunatdid arthritis, usually as a human- 
ized murine antibody.^-"^ Generally, these studies have 
shown encouraging results, although the problems associ- 
ated with this type of therapy may limit its use to certain 
categories of disease. 

Summary 

Ibmour necrosis £Eictor-a increases the expression of cellular 
adhesion molecules and facilitates the passage of leucocytes 
into the airway in response to allergen and to bacterial pro- 
ducts. In addition, it would appear to increase airway smooth 
muscle cell contractility and expression of eotaxin, and also 
to increase IL-5 secretion. In asthma, as in other situations, 
TNF-a may have apoptotic activity, although this specific 
question has not been addressed within the airway, but 
perhaps it co\ild be responsible for airway epithelial shed- 
ding. There are also data to implicate TNF-a in airway 
remodelling and fibrosis. A polymorphism in the TNF-a pro- 
moter resulting in increased generation of this cytokine has 
also been linked to asthma in genotypic studies. These facts 
make TNF-a a logical target for intervention and studies are 
underway to determine if inhibition of this multifunctional 
cytokine may improve the range of drugs available in asthma 
therapy. 
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